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I. htrodllCtio n
Bio m a s白 bu ming, by rele a由ng carbo n dioxide to the at,m o sphere･･ is a pot孤 tially
c riticalinitiatD r Of clim ate change . As m u ch a$ 40% of the an n ualgr o s s r ele a s e Of
c arbo ndio xide through co mbu stio n maybe due tD bio m a s sbu ming(1Je Vin e, 1991)･ In
addit o n to c a rbon dio xide, biom as s bu ming r ele ase･s othe r gre enho llS egas e s.
parti cularly m etha n e･ c arbon m o n o xide, a nd mit,rou s o xide ･ T hes e ga se s als o
c ontribute toincr eas etr opo Bpheric o2:O n e, an other greehou sega s･ Pa rtl C ulat倍 m att即
e mitted d ming fires (B 血oke), o n 也 e othe r ha nd, m ay cause･ a clim at8 fo rcing
compa r able in m agmitude yet･ op po site in sign to the gr e crnho u 8 e
･
ga S fo rcing･
Biom a 8 B-bu ming particle s co n sist, m o stly of co nde n s ed o rga nic spe cie,B･ but, als o
co ntain black, ele m e ntal(s o ot)c a rbo n. Thebla ckca rbon may absorbsu nlightr and･ liker
gr e e nho u s ega8e S･ m ay e x e rt a W a rminginnu e n ce o nthe atrm opshe r e･
on aglob alscale, about90 0 Tg of biom a ss(dry m ate rial) is consu med by a n n lla
bu ming, with the large st c ontri bution from s a v a n n agr asslands(45 %)･ T he other
com po nents of bio n as sbu ming, i.e ･ , agric ultu r al waBte･ fore sts, a nd fuel w ood･
c o ntribtlte･ aP prOXin ately 26, 15, a nd 15 % ofthe total biom ass c o n昏u nl ed･ Bio m a郎
bu ming occu r s n oto nlyin the tropic s, butals oin te mpe rate a ndhigherlatitudes(e･g･ ,
bo r e al fo r e 8t). Hu m an activityis r e spo n siblefo r mostI)io m a s sbu r ning, a n (1the scope
a nd m agnitude of th is activityis thotlght tobein c re a sing witht血 e･
until the 70･s c a rbo n emissionsfr om the bu r ning of fos sil fuel w e r ehighly c o r related
wi th the incr e a s ein atm o sphe･ric c a rbo n dioxide, butin the 80
r
s the co rr elatio n
be c am e low a sthe fo ssil fue1 8 0u rC e Stop ped to incr ease(e,冒. , IP CC, 1996)･ On e
w o nde r s, therefor e, whethe r the contin u ed incre a s ein atm o sphe ric c a rbo n dioxide
m ay be dlle tO a nin c rea sein bio m a 白日b11 ming･ T his st,r e sSe s the n e･ dfo r a cctlr ate
in v e nto rie s ofbio m a s sbu r ning so u rc e s･
2. Fir eDete ctio n
Bio mas s-btlming studie s ge n eraly la ck qu a ntitativ e infor m atio n o n the
sl) atio.te mpo r al v a riability of 且r e s at r egio n al a nd glob al日Cale s･ Exte ndinglocal
r e sultstola rge area s m aygiv e So m eide aofthe global 丘r epatt8rn白G･e･ , distri bution
of flreB, a m ou nt Of a r e abu r n ed, c a rbo n emission r ate s), but e r r o r s m ay be la rger
Gr o u nd･ba s ed obs e rv atio ns a r ein adequ ate to de scri be r eglO n al v ariabilit･y, m akingit
l l -
n e c e s 姐 ry tO exploit the c apabilitie s Of Ea rth
･
obse rving s atellite s. Gr ound-ba s ed
m e a s u r e叫 ntS a re n e eded, how e v er.. to e valu ate the perfor manc e of satellite
te chniqu e B.
Fir e･ r elated 8ttldie susing satellite data inchlde a cq止 血 g pre
･fireinfor m atio n(e.g .,
v egetatio n fuelc o nte nt), dete cting a ctIV efire s and sm oke plu me s, andqu antifyingAr e
effe cts(blユr n ed a r e a s, v egetati o n re
-
ge n eratio n), Ju stic e et al, (1993)ha v ediscu s sed
the pote ntiala nd li mitatio n s Ofv a rio u s r e m ote se n sing syE3tem 8 a nd ha v e olltl n edthe
cu rr e nt tr e ndsin 且re studies. T he choice of r e m ote se n sing BySte 皿 depe nds o n the
ge ogr al)hical e 王te nt. a nd spe ctral dl ar a CIx)ristic 8 Of the fire Sign al. H igh spatial
re8 0hltio n s e n so r s Su ch a sT he n atic m apper(T M)a nd ⅢighRes olution Visible任IR V)
r adio m ete r, o wingto the highco百t a ndlo w tim efreqtl e nCy Ofthe data, a r eli mit毛dto
lo c al m o nito ring. Co a r s e r r e S Ohtio n s e n so r s 8 u Ch a s the A dv a n c ed Ve ry H igh
Re soh tio n r adiom eter(ÅV H R R) pr ovi de d ai ly data that a re adapted to regio n al
sttldie s. I,o cal Ar e aCo v e r age(L A C)data at 1-k皿 r e S Ol11tio n a nd sa mpled Glob al Ar e a
Co v e r age(G A C)data at 4-kn r e s oluti o n a r e a Vai 1able for th isp11 rPO8 e. G A C data a r e
m or e c on ve nient to tie;e On a glob alscale, bⅦt they a r e n ot r e c om m e nded for
quantltative sttLdie sr elatedtofir e 8(Ee n n edy etal., 1994;Belw a rdetal., 1994).
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The dete ctio n of a ctiv e 血 e sis u st1al 1y a cc o mplished with in鉦 ared se ns ors. T he
te chniqll eis ba s ed o n the se n sitivty of the mea 8tl red r adiance in the.sho rt
-
w a v e
infra r ed･(3･5 p皿)to fire radiativ e en e rgy, a nd als o 0 nthe S e n sitivity ofthe m e a s u r ed
r adia n c ein thether malin丘a r ed(81 12pm)to te mper atu r e. A r e vie. w of fir edete ctio n
tlSingin缶a r ed re mote B e nBingc an befo u nd in Robin80 n(1991). Various m ethodsha ve,
be en dev eloped to enha n e e■the dete ctio n c apability in the infra r ed(M atB O n a nd
Holbe n, 1987; Lee and Tag, 1990;Ka 血 an etal., 1990;La ngaa s, 1993a; etc .). lmage 白
atnightc a nbe llSedto dete cta ctiv efir es, blltthe r e Blllt8 may n otrepr e 弓e ntthe a ctllal
btLr nings 8ince the.n 一u nber of fTlre 8is often reduced atnightdu eto n o ctt m alw e athe r
co nditio n s(La nga a B. 1993b). Ne verthele s s, sttldie 白 Su Ch a sthos e of Caho o n et al.
(1992), who pr o cessedDefen se m ap pingSatellite Pr ogr a m(D M S P)night tim eim age s
of Africa, 811ggeSt that u s efu l info r m ation on the distriblltlO n Of fire sC a nbe obtain ed
tlSinga vailable te chniqll e S.
a.2 Bzlr D 8 C a Z18
W hile the detectio n of a ctiv e 血 es has be e n studied e xpe n sively, le s s r e se a rch has
foctlSed on the spe ctralcha r a cte ristlC B Of bl n nSC ar S a ndthe area s a ctu ally bllr n ed.
Mat60n a nd Dozier 91981)de s cri bed a m ethod to ded-l e e Stlb-pix el 触e siz e a nd
te mpe ratu re u8ing 瓜什IR R data. T he m ethod is n ot ap plic able to s atu r atedinfr ar ed
pix els, Pe r eira et al.(1991)tlSed AV H R R 丘re c ollntS tO estim ate bu r ne (I a r e a sfr o m
a ctlV e丘r es a su ming that the fir e o c cupies the e ntire pix el. their r e sults, whe n
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賢c o mpa red wi thoβefro m higher re 80ltlt1 0 nT M im age s, sho w an o v e r e stim ate ofthe
fir e 由 eby43 %o n a v e r喝 e a nd an tLndere stim ate ofthe Ar e si2;e Oflo ng, c o ntin uollSly
bu rming且r e s.
A 洗er afir e, the a r e abu rn ed is c ov e r ed by a sh, and a shis gen erally darke rtha nthe
original ba ckgr o u nd, T his cha nges the-top
-
of- atm o spher e r adianc ein the visible a nd
n e ar in &a red a nd, the refo r e, the Nor mali2;ed Diffe re n c 8Vegetatio n lnde x(ND Ⅵ二),
providingtheba sis of m ethodstD detectbtlrn ed a re asfro m space. St,udie sha v e Show n
thatbu r n ed a r e a s can beide ntifiedll Sing M ulti Spectral Sc an n er(M SS)data(Ta皿 aka
et al., 1983) o rT M data (Pe r eim a ndSetz e r, 1993). Discri min atio n betw e e nb.u rn ed
a nd u nbu r n ed a r e a s, how e v er, i8 di 瓜cult to 皿 ake the pre8 e nSe Of w a蛤r (si milar
spe ctr al sign atu r e) a nd, in the c a se ofs av an na eco sy8tem 畠, islimited by the rapid
regr o wth of the v egetatio njust a few days after the fir e(Frederick8 en et al., 1990).
Fo rsu ch eco sy8te m 8, data Sho uld be used with a higherfr eqll e n Cy(ep ,gり OnC ea (lay),
Radia n ces in AV H R R visible a nd n e a r-infr ared ba nds a ndthe de.riv ed ND Vl ha ve
be e n llS ed in Sen egal(Fredericks e n et al., 199 0). Congo 伽二alingreat1, 1990), a nd
bo r e al fo r e st,a(Easisch ke et, al. , 1993), and ha v ebe e nfo u nd s e nsitiv etD fire ･ affected
ar e･a白. In bo r ealfore st冶, bu med 白C a r S r e main fo r alonge rperiod oftim e(s e v e r al
m o nths), m aking re m ote se n8inge a sier.
The e xisting te clmiqu e 8tO e stim ate bu r ned a r eas, whe･n ap pliedtD c o a rs e Spatial
r es olution sens ors, ge ner ally a s-1m e that a pix el is ei the rtotally bu rn e･d o rtx)tal ly
tlnbllr n ed. T hebu rn ed are ais e stim ated by c oll nting the m l mbe r ofpix els clas8i丘eda 8
b w ned ol･ unbu m ed. T hepr ocedlJrei白 adequ ate for丘r e e xte ntsla rge rtha n the se n s o r
r e 8 0lt1tion, butbec om e 8 un r eliable whe n alarge n u mber ofpa rtianybll rn edpix els a r e
pr e s e ntwithin a s c e n e.In the B a V a n n a B Of We stAfric a, 丘r e s o ccllp yty pical ly a pix elor
tw oin A V H R R L A C im agery. Fo r白u Ch e c o sy te m s a nd otlle r B With sm al1 丘re sip:e,
Razafimpa nilo et al. (1995) have e stabli8hed theoretical r61ation ships betw e e n
fractlO n Ofpix el bu m ed a nd ne ar
･ in fra r ed refle cta n ce Qin e ar) a nd fra c也o n ofpix el
b､1r n ed a 且d -N D VIho nllin e ar). Their 白en Sitivity a nalysis suggest that fra ction
in a cc u r a cie s of 0.2 a nd0.1 m aybe obtain ed, respectiv ely,in the cas e ofu nifor m pix els.
3. Clin alz) change
T he gr e e nholl S egases prOdtlC ed by bio m a B Sbu r ning c o ntri btLte 10 to 15% ofthe
e xpe cted sl∬fac e te m pe ratu r ein c re a s edlletO allgr e e nho一lSega s e s emittedto the･
atm o sphe re fron A. D. 1980to 2030, a sco mputed by a 1-dim e n sion al clim ate m odel
侃am an atha n et al., 1985). T his co ntri btltio niB.Sm alle rtha
n fos 8ilfuel c om bustion,
but m ay domin ate the total clim ate fo rcing in 80 m? regio n s･ Un certainties in
emis sio n s a nd the relativ eimpact of the diffe r e nt ga ses a r ela rge, ho w e v e r, a nd the
a ctualc o ntri blltio n of bio m ass bⅦ ming m ayliein t,he range5
-30 %.
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T he clim atic im pa ct of biom a 8 Sbu r ning aer o sols is n ot w ellu nderstood. Organic
c a rbo n a e r o s ol c a n r e鮎 cts u nhghtba ckto 由a ce andthus redllC ethe a m otlntOf he at
r e c eiv ed bythe plan et. Bla ck c arbo n a eros ols, o n the co ntr a ry, n ay abso rb stl nlight
a nd w a r mthe atm o sphe r e. T he direct r adiativ eforcingby conden sed or卵.nic 白pe Cie s
is alo ss of re鮎 cted fltlX Of about -0.8 W/m <2(Pe n n e ret alり 1992;Iac obelli白 et al.,
1999), blltbe c all Se Of u n c e rtaintie sin emis sion fa cto r, a v e rage lifetim e Of s m oke,
a mou nt of bio m a 自Sbll m ed, and m a ss scattering effic ency.. the a ctual v alu e i白
pr obably betw e e n
･2.2 a nd ･0.3 W /m <2(Pe n ner et al. , 19 94), Pelln e r et al. (1992)
indic atedthatbla ck ca rbo n a e r o s ols c oul dr edtlC ethe a mplitude of fo rcingby o r卵.nic
spe cie sby a
‾fe w te n塊 s of W /m ^2, but un c e rtaintie sin the siz e･depe nde nt optical
pr ope rtie s of bla ck
-
s o otpa rticles m ake the c o n丘de n cele v elofa ny c alc ulatio n v e rylo w.
T heinflu e nce of bio m a 8 日b11r ningpa rticles o n the beha vio r ofcloudsGndir?･'ct clim ate
fo rcing)is beyo nd cu r r e nt u nde r standing, du eto co mp18 Ⅹinte r a ctio n B 白nCh as the
infllle n C eOfclo ud e ntrai皿 e nt a n miⅩing pr o c e s ses. In prindple, the m ore a ero s ols,
the m o r e clo lld co nde n satio n n tlClei, the refo r e the m o r e clo ud droplets, a nd the
8 皿 aller droplets. Clotld8 wi ths m alle rdr oplets r efkct 皿 Ore SOlar radiatio n backto
spa c e, wit,h the pote ntialofaffe cting clim ate 8ubsta nt1al 1y.
Clim ate m odel sim ulation s With o nly gTe e nhollS e ga s e spredict a strong winter
w a rmingin highn o rther nlatitllde s(IPC C, 1996), a nd a gre ater w a rming ov er land
than o v er the oc e a n. T he pr e sence Of bio m as8 bu r ning a e ro鮒1s, 皿 0Stly c o nfin ed o v e r
la nd bec aus e of their relatlV ely short life tim e, m ay redu c e the w a rm ing and the
land･o c e a n c o ntr a st, 恥ylo r a nd Pe n n e r, 1994). In r egio n 白 StlCh a sSot1the･a St Asia,
signinc a nt chan宮e弓 inatm o sphe ric cir culatio n a nd hydr ology mightoc c u r, Im pr oving
ou r proje cho n sof futu r e cl血 ate certainly r equir e s.
-
a bette r kn o wledge of the
ge ographic distributio n of bio ma 88･bu rning so u rce s, iIIClllding their s e a B O n al主try･ T his
can hardly be a cco m plished withotrt s atellite obs e_
rvatio n 80f fre e s a nd s atellite
e stim ates ofb w ned are a s a nd c a rbo n sto ck a vailablefo rbu r ningbefo r efir e s.
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